Background
==========

Gastric cancer is one of the most common malignant neoplasms, and it is the only one in which morbidity and mortality are not decreasing \[[@b1-medscimonit-18-4-br130]\].

Advances in oncologic immunodiagnostics have not influenced outcomes in patient with gastric cancer. A review of the literature indicates researchers' interest in the characteristics of the vascular supply of this cancer. There have been attempts to explain gastric cancer's nonspecific vascularization using modern techniques of molecular biology, vascular imaging, and estimation of the activity of chosen cytokines responsible for angiogenesis and the degradation of extracellular matrix. This is an important problem because any malignant tumor above 1mm, in order to survive, requires the proliferation of new blood vessels \[[@b1-medscimonit-18-4-br130]--[@b3-medscimonit-18-4-br130]\]. Angiogenesis in solid tumors is a complex process and plays an important role in the progression of the disease and in the metastatic process. Tumor neovascularization can be initiated by neoplasm cell hypoxia, which induces the activity of the gene encoding VEGF, which is well-known as a main proangiogenic factor. That process plays a significant role in the evolution of cancer. Its influence on neovascularization has also recently been attributed to some matrix metalloproteinas. Like mainly MMP-2 and MMP-9. Metalloproteinases are capable of degrading collagen and other extracellular matrix proteins, thereby facilitating the migration of neoplasm cells, invasiveness and distant metastases.

Material and Methods
====================

Material for the study were fragments of tissues collected from 24 patients (both male and female) during surgical procedures with a histopathologically confirmed adenocarcinoma of the stomach, of a medium size and well-differentiated. Patients were assigned to 1 of 2 groups -- group I (G1) consisted of 12 patients without metastases, and group II (G2) consisted of 12 patients with liver metastases. Both groups were approximately equal in regard to age and sex. Patients' mean age was 64.16 years in G1 and 63.25 in G2. The urease test for the presence of *Helicobacter pylori* was performed preoperatively on subjects in both groups, with 4 positive results in group I and 5 positive results in group II.

Neoplasm staging was defined according to the international TNM classification and depended on clinical data, abdomen and pelvis ultrasonography, CT and chest X-ray. Patients' specific characteristics are presented in [Table 1](#t1-medscimonit-18-4-br130){ref-type="table"}.

During the surgical procedure, disease-altered tissue fragments and a minimum of 5 cm negative margins were collected. Samples were stored in a container with liquid nitrogen and frozen at −70°C. Distinguishing between malignant tissue and stroma was defined through an assessment of the number of necrotizing cells.

Diagnostic techniques of molecular biology included an evaluation of the expression of genes for VEGF and MMP-2. RNA was isolated from homogenates after the preliminary peeling of cells in liquid nitrogen. The nucleic acid concentration in the extract was measured using the spectrophotometric technique with the application of RNA/DNA calculator „ Gene Quant" (LKB Pharmacia Biotech). RNA extraction was performed using a modified chloroform-phenol method described by Chomczynski and Sacchi (Total RNA Prep. Plus, A&A Biotechnology) \[[@b4-medscimonit-18-4-br130]--[@b6-medscimonit-18-4-br130]\].

Inclusion criteria:

-   clinically diagnosed and histopathologically confirmed adenocarcinoma and mucinous adenocarcinoma of the stomach,

-   written informed consent.

Exclusion criteria:

-   tissue diagnosis of neoplasms other than gastric adenocarcinoma,

-   liver failure,

-   autoimmune diseases,

-   inflammatory process and ulcerations,

-   presence of another malignant disease,

-   lack of informed consent.

The data was managed and analyzed using Microsoft Excel. Verification of the statistical hypothesis was performed using the non-parametric Mann-Whitney test (comparison of healthy tissue with group G1 and G1 with G2) and the Wilcoxon test (comparison of healthy tissue with group G1). *P*\<0.05 was considered significant.

Results
=======

VEGF
----

A more intense expression of the gene for VEGF was indicated in 10 of 12 individuals (83.3%) from group G1 (without metastases). Moreover, in group G2 (with metastases) a more intense expression of that gene, in comparison to the average expression in the negative margins of specimens from G1, was obtained for 11 of 12 individuals (91.7%).

Average values were:

-   tissue of margin G1--0.98,

-   group I (G1, without metastases) -- 4.32,

-   group II (G2, with metastases) -- 5.91.

Values of VEGF gene expression in both groups studied, G1 and G2, are statistically significantly higher in comparison to the malignant-free infiltration margin (p~1~\<0.01; p~2~\<0.001). However, there was no statistically significant difference between the groups studied, with (G1) and or without metastases (G2). Results are presented in [Figure 1](#f1-medscimonit-18-4-br130){ref-type="fig"} and [Table 1](#t1-medscimonit-18-4-br130){ref-type="table"}.

MMP-2
-----

In group I (G1), samples from 9 of the 12 patients without metastases (75%) revealed a more intense expression of the gene for MMP-2 in comparison to the tissue of the margins. In group II (G2) a higher level of expression was demonstrated in every specimen (100%).

Average values of MMP-2 gene expression present:

-   tissue of margin G1 -- 4.58,

-   group I (G1, without metastases) -- 10.55,

-   group II (G2, with metastases) -- 16.71.

There is a statistical significance of group I (G1) in comparison to the healthy margin (p~1~\<0.05) and a very high statistical significance of group II (G2) in comparison to the healthy margin and between both studied groups, p~2~\<0.001 and p\<0.001, respectively. Results are presented in [Figure 2](#f2-medscimonit-18-4-br130){ref-type="fig"} and [Table 3](#t3-medscimonit-18-4-br130){ref-type="table"}.

Moreover, there was an attempt to find a correlation between the expressions of both genes studied in healthy margin samples and in groups I and II. There was no proven correlation between MMP-2 and VEGF for group G1 and the healthy margin. A correlation only occurred for group G2.

Discussion
==========

A review of the literature shows oncologists' serious interest in tumor angiogenesis, as an aspect of the evaluation of disease progression and therapy initiation. According to Szala and Radzikowski, and many others, the process of angiogenesis begins as a result of neoplasm cell hypoxia and mutations of suppressor genes and oncogenes, subsequently leading to the activation of endothelial cells and the degradation of the basement membrane and extracellular matrix \[[@b7-medscimonit-18-4-br130]--[@b10-medscimonit-18-4-br130]\]. The ultimate consequence of that process is the activation of the gene encoding VEGF.

The presented study began with an evaluation of VEGF gene expression. For samples of both groups studied (G1 without metastases and G2 with liver metastases), a greater VEGF expression was statistically significant, in comparison to the healthy margin (p\<0.01; p\<0.001). There was no statistically significant difference between G1 and G2 (p\>005).

Our results confirm the ability of neoplasm cells to undergo intense angiogenesis, especially in patients with a metastatic process. According to Meada et al., the process of neovascularization in solid tumors is a relevant, prognostic factor for patients with gastric cancer, and because of this they suggest an evaluation of mRNA for VEGF in tissue specimens obtained through surgical procedures. If there is no properly equipped diagnostic lab, they recommend counting the blood vessels in the tissue specimens \[[@b11-medscimonit-18-4-br130]\].

Because few reports have addressed the causes of gastric cancer, a comparison of this study to others is quite difficult. However, the usefulness of sampling the VEGF gene expression for many neoplasms has been accepted, especially for breast cancer, colorectal cancer, prostate cancer, non-small cell lung cancer, and malignant melanoma \[[@b12-medscimonit-18-4-br130]--[@b15-medscimonit-18-4-br130]\].

If a tumor grows larger than 1 mm^3^, hypoxia and hypoglycemia will occur as a result of insufficient cell nutrition through the process of diffusion. Cell hypoxia induces the synthesis of the HIF-1 protein, which, jointly with products of a mutated p-53 gene, stimulates the production of the main proangiogenic cytokine, VEGF \[[@b7-medscimonit-18-4-br130],[@b16-medscimonit-18-4-br130]--[@b18-medscimonit-18-4-br130]\]. VEGF, together with others cytokines such as bFGF and PIGF, not only stimulates the endothelium but also activates the Bcl-2 gene which, through its protein, inhibits apoptosis \[[@b19-medscimonit-18-4-br130],[@b20-medscimonit-18-4-br130]\].

In this study, the expression of VEGF was evaluated. It is necessary not only to stress the statistically higher expression in tissue samples from both groups studied, but also the fact that the significance was very high in individuals with metastases (p\<0.001). In that group (G2), angiogenesis facilitates the metastatic process through neoplasm cells entering the circulation, settling and proliferating in the site of metastasis \[[@b21-medscimonit-18-4-br130]\].

According to D'Amore et al, progression into invasive cancer, which is associated with metastasizing, is related to gaining a new, angiogenic phenotype \[[@b22-medscimonit-18-4-br130]\]. In this study, this was observed in patients from group II. An evaluation of VEGF expression confirmed the ability of cancer tissue to undergo neovascularization, although the number of blood vessels is quite small.

The study review concerning metalloproteinases reveals the involvement of metalloproteinase 2 (MMP-2), whose elevated expression increases a cancer's ability to metastasize. Many studies have focussed on metalloproteinase 9 (MMP-9) and tissue metalloproteinase inhibitors \[[@b23-medscimonit-18-4-br130]--[@b26-medscimonit-18-4-br130]\]. In connection with the above, in this study, the expression of the MMP-2 gene was additionally measured. An evaluation of the data showed a significant difference in MMP-2 elevated expression between individuals without metastases and margin tissue (p\<0.05) and a very high, statistically significant expression of MMP-2 in the group of individuals with metastases (G2) in comparison to an average expression in the margin (p\<0.001). The highly significant difference between the studied groups (p\<0.01) was remarkable.

Lee et al. obtained similar results \[[@b26-medscimonit-18-4-br130]\]. According to their research, the elevated expression of MMP-2 and MMP-9 in gastrointestinal cancers increases their ability to metastasize. Moreover, Bae et al. found that MMP-2 expression, stimulated by Bcl-2, increases the invasiveness of neoplasm cells in gastrointestinal cancers \[[@b27-medscimonit-18-4-br130],[@b28-medscimonit-18-4-br130]\].

Results of these studies confirm the above suggestions and the relation between MMP-2 and a cancer's invasiveness and metastatic process. Highly significant differences were found in samples from patients with metastases. Feng et al., Cai et al., and Whatling et al. stress the value of MMP-2 sampling in tissue specimens obtained during surgical procedures as a predictor of the course of a disease \[[@b25-medscimonit-18-4-br130],[@b29-medscimonit-18-4-br130],[@b30-medscimonit-18-4-br130]\].

The results of this study confirmed the presence of a correlation between VEGF and MMP-2 in the cancer tissue of patients with metastases (G2). This was of high statistical significance (p\<001) and a very high correlation coefficient (r=0.714). But this correlation occurred only in samples from group II (G2 -- with metastases). Thus, our results only partly confirm other studies, and although a correlation between VEGF and MMP-2 was not visible, the indirect but close cooperation of both factors was demonstrated. In 1992, Deschemaeker et al noticed the influence of VEGF on inducing metalloproteinases expression, including MMP-2 and MMP-9, both connected with a cancer's invasiveness, which stimulate angiogenesis through the degradation of the extracellular matrix, and the alternation of a phenotype to an angiogenic one \[[@b7-medscimonit-18-4-br130],[@b16-medscimonit-18-4-br130],[@b19-medscimonit-18-4-br130],[@b21-medscimonit-18-4-br130],[@b23-medscimonit-18-4-br130],[@b31-medscimonit-18-4-br130]\]. These observations have great clinical and therapeutic significance. Both parameters are due to the invasiveness of a neoplasm and the metastatic process, beginning with the extracellular matrix and vessel wall degradation and continuing to the formation of tumor vascular supply.

Conclusions
===========

1.  In spite of an elevated expression of VEGF, the number of blood vessels in gastric cancer tissue remains low, which might be an antiangiogenic effect of metalloproteinases and their inhibitors.

2.  A highly elevated expression of MMP-2 in the tissue of gastric cancer in patients with metastases confirms its participation in the invasiveness of the neoplasmatic process.

3.  The highly significant correlation between VEGF and MMP-2 suggests a connection between both mechanisms in the progression of gastric cancer.

**Source of support:** The study was carried out as a research project supported by a grant from the Medical University of Silesia (NN-1-159/06)
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###### 

Demographic characteristics and distribution according to TNM classification.

                                            Group I (G1) n=12   Group II (G2) n=12
  ----------------------------------------- ------------------- --------------------
  Median age                                64.16               63.25
  Age range                                 43--81              45--81
  Sex F/M                                   3/9                 3/9
  Staging according to TNM classification                       
   T~1~N~1~M~0~                             8                   0
   T~2~N~1~M~0~                             4                   0
   T~2~N~1~M~1~                             0                   9
   T~3~N~1~M~1~                             0                   3
  Kind of surgical procedure:                                   
   Total gastrectomy                        12                  4

###### 

Results of the Wilcoxon test for evaluation of the difference in VEGF expression between healthy margin and group G1.

  Gene   Wilcoxona test   Difference
  ------ ---------------- ------------
  VEGF   ***p*\<0.01**    G1\>Margin

###### 

Result of the Wilcoxon test for evaluation of the difference in MMP-2 expression between healthy margin and group G1.

  Gene    Wilcoxon test   Difference
  ------- --------------- ------------
  MMP-2   ***p*\<0.05**   G1\>Margin
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